Background: Comorbidities have been suggested influencing mammography use and breast cancer stage at diagnosis. We compared mammography use, and overall and advanced-stage breast cancer rates, among female Medicare beneficiaries with different levels of comorbidity.
Introduction
Breast cancer screening among older women is complicated because of the variation in the number and severity of comorbidities (1) . Studies examining the associations between comorbid conditions and mammography screening use and breast cancer outcomes have reported mixed results (2) . Some have reported a higher risk of advanced-stage cancer among women with comorbidities (3), whereas others have reported a higher risk of advanced-stage cancer at diagnosis among women with no comorbidities (4, 5) . Age-related comorbid conditions may increase the frequency of physician visits, leading to higher mammography use and better follow-up of abnormal results, resulting in an earlier stage at diagnosis (6) . Alternatively, chronic disease management may constitute a "competing demand" during physician visits, diverting attention from the delivery of preventive services. A recent study of Medicare beneficiaries suggests that stable comorbidities are associated with lower likelihood of late-stage diagnosis, whereas unstable comorbidities are associated with higher likelihood of late-stage diagnosis, partially due to less use of mammography (7) .
Many cancer screening guidelines recommend considering an older woman's health care status when making screening decisions, as screening mammography is unlikely to benefit older women whose life expectancy is less than 5 years (8, 9) . However, it is unclear that how these guidelines are applied in practice and to what extent cancer screening tests are actually targeted to healthy older women with sufficient life expectancy to reasonably benefit from screening mammography, and not offered to older women with multiple or severe comorbidities who have a life expectancy of less than 5 years and are unlikely to benefit from screening (10, 11) .
Previous studies have used the linked Surveillance, Epidemiology, and End Results (SEER) program-Medicare data to assess comorbidities, mammography use, and breast cancer outcomes in older women (12) . A major limitation of these data is difficulty in distinguishing screening from diagnostic mammograms in cancer case cohorts (13) , given that most women eventually undergo diagnostic mammography evaluation before treatment begins. For instance, mammograms conducted to evaluate breast symptoms can be mislabeled as screening instead of diagnostic, especially in older women with comorbidities who may not undergo regular screening mammography. Such misclassification can lead to overestimation of screening mammography usage and may thereby bias epidemiologic analyses of factors associated with adequate screening. Claims-based algorithms to minimize this misclassification risk are useful but not entirely satisfactory (13) .
The goal of this study was to determine whether the presence and severity of comorbid conditions affect screening mammography use and breast cancer stage at diagnosis. We examined data from 4 mammography registries in the Breast Cancer Surveillance Consortium (BCSC; ref. 14) and linked Medicare claims data from 1998 to 2006 to estimate the relationship between the presence and severity of comorbid conditions and use of mammography, breast cancer stage at diagnosis, and tumor characteristics. We used an updated approach to classifying comorbidities that has been shown to separate comorbidities associated with increased versus decreased mammography use in the Medicare population (7).
Materials and Methods

Data source
The BCSC is a collaborative effort between 7 geographically dispersed mammography registries (14) . Details about the BCSC have been provided elsewhere (15, 16 (17) and additional linkage to hospital-based pathology services at 3 of the 4 mammography registries (16) .
Study population
The study population included all women who were 67 years of age and older who had undergone mammography in the BCSC database from the 4 sites between January 1, 2000, and December 31, 2006. We limited the study to women with at least 2 years of continuous Medicare enrollment in part A and part B and who were not enrolled in Medicare Advantage for 2 years before a mammogram in the BCSC database and with no previous history of breast cancer. We required 2 years of continuous Medicare enrollment before a mammogram to ensure complete capture of claims during the period used to assess presence of comorbidities. To further ensure complete capture of Medicare claims, we excluded mammograms included in the BCSC database for which a corresponding Medicare claim for a mammogram could not be found within 7 days before or after the examination date recorded in the BCSC database. Approximately 426,295 mammograms meeting inclusion criteria were identified in the BCSC database from 2000 to 2006 and 415,078 (97.4%) had a matching Medicare mammogram claim within 7 days of BCSC examination date. Of those with matching mammogram claims, 3,316 (2.2%) had a breast cancer diagnosis within 12 months of mammography.
Measurements and definitions
We characterized each mammogram included in the study according to type of examination (screening vs. diagnostic) and time interval between that examination and a woman's most recent prior examination. A screening mammogram was defined using the standard BCSC definition as a bilateral mammogram with a physician-stated indication for routine screening and no mammography within the past 9 months. Mammography intervals were categorized as 4 to 18 months, 19 to 30 months, or 31 to 42 months (15, 16, 18) . Estimates for the number of months between mammograms were calculated by using the most recent of the dates of previous mammography in the BCSC database or the self-reported date given by the participant. All mammograms occurring within a 4-month period were considered to represent a single diagnostic series, and our analyses included only the first mammogram in the series.
We applied a recently refined list of 38 comorbid conditions (7), classified by organ system and severity, using ICD-9-CM codes listed in previously published comorbidity measures developed for Medicare claims data by Klabunde and colleagues (19) , Fleming and colleagues (12) , and Elixhauser and colleagues (20) . We updated these measures to more recent versions of ICD-9-CM and distinguished "stable" and "unstable" comorbidities on the basis of clinical significance, judgment of seriousness, and whether the condition predicted 5-year mortality in prior studies. This distinction was previously shown to be useful in understanding variation in mammography use (7) . We defined comorbidities that are life-threatening or difficult to control such as severe heart failure, cardiac arrhythmias, and end-stage liver disease as "unstable," and age-related conditions that could affect daily function, such as arthritis, osteoporosis, depression, and diabetes as "stable" (Supplementary Data S1).
Inpatient, outpatient, and physician-supplier claims were reviewed for 2 years before the most recent mammogram in the BCSC database and used to determine the prevalence of comorbidities during that period, excluding the month of diagnosis in cancer cases. If a qualifying comorbid diagnosis code appeared only once in physician claims during that period and an identical code was not present in inpatient hospital claims, then the condition was not counted as a comorbidity (21) . Likewise, if a code appeared more than once in physician claims within a 30-day period but never appeared again in either inpatient hospital or physician claims, then the condition was not counted (22) . This approach was based on prior studies showing poor agreement between medical records and Medicare claims when looser methods were used to capture diagnostic information (21, 22) .
To estimate total comorbidity burden, we grouped stable and unstable comorbidities as absent or present. We then counted the number of stable comorbid conditions. Unstable comorbidities were collapsed into a single group, as the prevalence of multiple unstable conditions was very low.
Breast cancer stage at diagnosis was classified according to the tumor, node, metastasis (TNM) system on the basis of the criteria of the American Joint Committee on Cancer as stage 0, I, IIA, IIB, III, or IV. Invasive tumors of stages IIB, III, and IV were considered to be advancedstage disease (23) . This definition of advanced-stage disease has been used as a proxy outcome among women with breast cancer because only 5% to 12% of stage I/II patients die within 10 years after diagnosis, compared with more than 60% of stage III patients and more than 90% of stage IV patients (24) .
Statistical analysis
We estimated the overall prevalence of stable and unstable comorbidities in our study population. We summarized demographic characteristics stratified by comorbidity status: no comorbid conditions, stable conditions only (aggregating women with one or more conditions, due to their similar characteristics), or unstable conditions with or without additional stable conditions. Among women diagnosed with cancer, demographic characteristics, comorbidity burden, mammography use rates, and tumor characteristics were compared between comorbidity groups using c 2 tests with statistical significance defined at P < 0.05.
We calculated stratum-specific frequency distributions for previous mammography use based on a single mammogram per woman to prevent overrepresentation of women who were frequent mammography users (15) . We selected the mammogram closest to the date of diagnosis for cancer cases and a randomly selected mammogram for non-cancer cases. For mammograms followed by a cancer diagnosis, we calculated the proportion of tumors that were invasive and the distribution of tumor size, stage, grade, and estrogen receptor status.
We explored differences in previous mammography use by comorbidity status using logistic regression models for the binary outcome "adequately screened," which we defined as having 2 mammography examinations within 30 months. This model was adjusted for age, race/ethnicity, year, and BCSC registry. In this analysis, we selected one mammogram to include in the analysis per woman as described above.
We used logistic regression to estimate overall and advanced cancer rates per 1,000 mammograms by comorbidity status, adjusting for age, race/ethnicity, year of diagnosis, and BCSC registry using generalized estimating equations (GEE). In these analyses, we excluded diagnostic mammograms with no prior mammogram within 42 months. The unit of analysis in these models was the mammogram, with women potentially contributing multiple mammograms. The method of GEE accounts for clustering among mammograms from the same woman. Adjusted cancer rates were estimated using the method of indirect standardization (25, 26) . Confidence intervals (CI) were estimated using the delta method. Models were also fit including interaction terms for previous mammography use and comorbidity status to examine variation in the association between comorbidity status and cancer rates across previous mammography use groups. Adjusted cancer rates from these models are reported for each comorbidity and previous mammography use group. We also computed the mean time from the most recent prior mammography examination to cancer diagnosis to evaluate possible diagnostic delays among women by comorbidity status. All statistical analyses were carried out using R statistical software.
Results
We 17.3%, respectively). Women with no comorbidities showed higher prevalence of well-differentiated tumors than women with stable and unstable comorbidities (P ¼ 0.034; Table 2 ).
As displayed in Table 3 , overall women with stable comorbidities were more likely to have had a mammogram within 4 to 18 months than women with either unstable or no comorbidities (70% vs. 62.4% and 64.1%), respectively, and this pattern was similar among women younger than 75 and 75 years and older.
Overall, the presence of either stable or unstable comorbidities was associated with significantly higher odds of adequate mammography use (defined as a prior mammogram within 30 months) after adjusting for patient characteristics (age, race, year, and BCSC registry). The OR for adequate mammography use among women with stable comorbidities compared with no comorbidities was 1.60 (95% CI, 1.52-1.67) and for unstable comorbidities compared with no comorbidities was 1.14 (95% CI, 1.08-1.19).
Adjusted overall breast cancer rates (ductal carcinoma in situ and invasive combined) and advanced-stage cancer rates per 1,000 mammograms by comorbidity status and prior mammography use are displayed in Table 4 . Overall cancer rates per 1,000 mammograms are highest among women with unstable comorbidities (7.5; 95% CI, 7.0-8.1) and lower among women with stable comorbidities (6.7; 95% CI, 6.4-7.0) or no comorbidities (6.6; 95% CI, 5.8-7.5). On comparing cancer rates per 1,000 mammograms by comorbidity status, there were no significant differences in cancer rates among women with stable and unstable comorbidities compared with women with no comorbidities (Table 4) . Women were more likely to be diagnosed with breast cancer when mammogram intervals were Advanced-stage cancer rates per 1,000 mammograms were highest among women with unstable comorbidities (1.1; 95% CI, 0.9-1.3) and lower among those with stable comorbidities (0.8; 95% CI, 0.7-0.9) and those with no comorbidities (0.5; 95% CI, 0.3-0.8; Table 5 ).
Advanced-stage breast cancers were more likely to occur among women with intervals of more than 42 months between mammography examinations compared with shorter intervals of 31-42, 19-30, or 4-18 months (1.7 vs. 1.6, 0.9, and 0.7 per 1,000 mammograms, respectively). The likelihood of diagnosis with advanced-stage cancer was highest among women with unstable comorbidities (1.1; 95% CI, 0.9-1.3) and lower among those with stable (0.8; 95% CI, 0.7-0.9) or no comorbidities (0.5; 95% CI, 0.3-0.8; Table 5 ). Overall, advanced-stage cancer rates per 1,000 mammograms were significantly higher for women with unstable comorbidities than in women with no comorbidities (P ¼ 0.002; Table 5 ). After stratifying on prior mammography use, the only significant difference across comorbidity groups was that among women with an interval of 4 to 18 months between mammograms. In this group, advanced-stage cancer was more frequent among those with unstable (0.9; 95% CI, 0.7-1.2; P ¼ 0.004) and stable comorbidities (0.7; 95% CI, 0.6-0.8; P ¼ 0.03) than among those with no comorbidities (0.3; 95% CI, 0.2-0.6).
The mean number of days between mammography and cancer diagnosis was not significantly different between women with stable and unstable comorbidities compared with those with no comorbidities. The mean number of days was 46.8 (95% CI, 39.6-59.9), 54.4 (95% CI, 51.1-57.8), and 50.9 (95% CI, 46.4-55.6) among women with no comorbidities, stable, and unstable comorbidities, respectively.
Discussion
This is a large population-based study of linked BCSCMedicare data reporting on mammography use and rates of advanced-stage breast cancer relative to presence and severity of comorbidities. It adds to prior research in this field by using better methods to distinguish screening from diagnostic mammograms and to distinguish stable from unstable comorbidities, as the latter may contraindicate offering screening mammography due to limited life expectancy. In adjusted analysis, overall breast cancer rates per 1,000 mammograms did not differ across comorbidity groups, after stratifying by similar mammography use. However, among women who received mammography within 4 to 18 months of diagnosis, advanced-stage cancer rates were significantly higher among those with either unstable or stable comorbidities than among those without comorbidities.
On the basis of prior research (7), we hypothesized that women with unstable comorbidities would be less likely Table 4 . Unstable comorbidities are defined as life-threatening or difficult to control with less than 5-year predicted mortality. Examples include severe heart failure, end-stage pulmonary disease, end-stage liver disease, renal disease, and diabetes with complications (Supplementary Data S1).
to undergo mammography and more likely to be diagnosed with advanced-stage disease. Conversely, women with stable comorbidities were hypothesized to be more likely to undergo mammography (4) and less likely to be diagnosed with advanced-stage disease than women without comorbidities. In this cohort, which was limited to women who had at least one mammogram during the study period, we found the expected association between stable comorbidities and increased mammography use but unexpectedly high mammography use among women with unstable comorbidities (e.g., 77.6% of women aged 75 years or older had a mammogram within 30 months) who are less likely to live long enough to benefit from screening. After adjusting for demographic characteristics, stable and unstable comorbidities were associated with 1.60 and 1.14 times higher odds, respectively, than women without comorbidities of having received a prior mammogram within 30 months. Given these findings, we expected stable comorbidities to be associated with lower unadjusted rates of advanced-stage breast cancer and unstable comorbidities to be associated with similar rates, but these associations should diminish or disappear after stratifying on mammography interval (7). In fact, among women who had prior mammography within 4 to 18 months of cancer diagnosis, the rates of advanced-stage cancer were higher among those with either stable or unstable comorbidities than among those without comorbidities. There are 2 plausible sets of explanations for these findings: health system-related and biologic. Health system-related explanations could be due to delays or errors in mammographic interpretation and delays or errors in diagnostic evaluation after an abnormal mammogram due to competing health care concerns as uncontrolled comorbidities may lead to rescheduling or cancellation of diagnostic tests or difficulties in the referral process. To explore whether advanced-stage disease can be explained by delay in diagnosis, we examined the time interval (mean number of days) between mammography and cancer diagnosis by comorbidity status. We found no statistically significant differences in time to diagnosis among women with no comorbidities compared with those with stable and unstable comorbidities.
Biologic explanations for differences in advanced-stage cancer rates focus on the interaction of aging and comorbidities with cancer risk, disease progression, treatment, and survival (27) . Comorbid conditions related to syndromes with common pathophysiologic mechanisms (e.g., metabolic disorders) are associated with more aggressive cancer (28, 29) . Diabetes (largely type II diabetes) is associated with a significantly higher risk for breast cancer. A meta-analysis of 20 case-control studies has reported a 20% increased risk of breast cancer [relative risk (RR), 1.20; 95% CI, 1.12-1.28] among women with diabetes versus those no diabetes (30) . Hyperinsulinemia is associated with poor disease-specific survival in breast cancer (31) . Insulin resistance has been associated with hyperinsulinemia, increased growth factors [including Table 5 . insulin-like growth factor (IGF)-1], activation of the NF-kB antiapoptotic pathway via activation of the IkB kinase b (IKKb), and activation of PPARs (32) . Other potential mechanisms are induction of the receptor for advanced glycation end products (RAGE), modulation of the protein kinase B/atypical protein kinase C zeta, and immune mechanisms (32) . Obesity is associated with increased incidence of breast cancer and worse prognosis among postmenopausal women, perhaps due to increased levels of leptin, which can act as a growth factor on cancer cells. Other cytokines that might synergize with leptin are interleukin (IL)-6, IGF-1, and the free portion of IGF-1, which increase with weight (28, 29) . Even in the absence of overt diseases, aging is associated with increased levels of several inflammatory markers, such as IL-6, C-reactive protein, and sedimentation rate (33) and nonspecific markers of autoimmunity, such as antinuclear antibodies. Studies examining the interaction of autoimmune disease and cancer among older patients provide conflicting evidence for solid tumors such as breast cancer but do suggest increased incidence of hematologic malignancies (27) .
Adequate mammography use among women age !67 years in this sample (84%) exceeded previously published reports (66%-68%), including a recent report on mammography trends from 2000 to 2008 (68%; refs. 34, 35) . Our higher use rates could be because we focused on women who had prior mammography. The prevalence of multiple comorbidities in this study resembled earlier studies using SEER-Medicare data (36) but was somewhat lower than that reported by Fleming and colleagues (7, 12) . This difference is probably due to our rigorous classification of ICD-9-CM codes, thus capturing only clinician-assigned diagnoses requiring either multiple outpatient visits or inpatient care. This is the first large population-based study of the linked BCSC-Medicare data reporting on comorbidities, mammography use among women with and without cancer, and advanced breast cancer rates among older women by comorbidity status. Its strengths include better ascertainment of screening mammography than is possible from claims data alone, minimizing misclassification of screening and diagnostic mammograms. This study's other strengths include its large sample size; geographic, racial, and ethnic diversity; and use of 2 years of prior inpatient and outpatient claims to estimate comorbidity burden and severity. These data cover a large population with detailed data on mammography use, cancer diagnosis, and ICD-9-CM codes for comorbid diagnoses. These data are generalizable to older U.S. women with breast cancer, as they reflect community-based usual care for older women. This study's limitations include potential underreporting of chronic conditions, a well-recognized limitation of administrative data. Because Medicare claims data are collected primarily for payment and the diagnoses on claims come from medical records, comorbidities are not always reported, especially among patients who have multiple diagnoses and have been seen only as outpatients. This study did not assess longer term outcomes such as mortality and survival. We also did not address patient preferences and values related to stopping mammography, although Satariano and Regland (37) concluded that early diagnosis of breast cancer would confer little or no survival benefits on women with multiple comorbidities.
Conclusions
We found that older women with stable and unstable comorbidities were significantly more likely to have received mammography within the past 30 months than those without comorbidities, although mammography use was high in all groups. Unadjusted rates of advanced-stage cancer were highest among women with unstable comorbidities, intermediate among women with stable comorbidities, and lowest among those with no comorbidities. After stratifying by prior mammography use, women with and without comorbidities did not differ on overall cancer rates. However, both unstable and stable comorbidities were associated with higher rates of advanced-stage disease at diagnosis among older women who had the most frequent use of mammography. The higher rates of advanced-stage tumors among women with comorbidities cannot be explained by differences in their use of mammography. Future studies need to examine whether specific comorbidities affect clinical progression of breast cancer.
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